ABSTRACT A study was conducted to evaluate the effects of dietary α-amylase and β-xylanase supplementation of corn-soy diets, formulated with or without supplemental phytase, on growth performance, energy utilization, and starch digestibility in broiler chickens. A total of 336 slow-feathering, Cobb × Cobb 500 male broilers were randomly distributed to 6 treatments having 8 replicates of 7 birds each. Birds were fed a common starter diet to d 14 post-hatch (3,050 kcal/kg AME n , 21.7% CP, 1.05% Ca, and 0.53% nPP). The experimental diets were provided afterwards until d 25. A 2 × 3 factorial arrangement of 2 control diets (basal = corn-soy diet without added phytase or PHY = cornsoy diet formulated with 1,000 phytase units/kg) and 3 carbohydrase supplementations (0, 80 kilo-Novo α-amylase units/kg, or 80 kilo-Novo α-amylase units/kg + 100 fungal β-xylanase units/kg) was used from d 14 to 25. Excreta were collected from 21 to 24 d and all birds were euthanized at 25 d for jejunum and ileum content collection. Samples of feed, excreta, and jejunal and ileal digesta were analyzed for determination of total tract retention and ileal apparent digestibility. No interactions between diet and carbohydrase were observed. Broilers fed diets formulated with phytase or supplemented with amylase + xylanase had higher BW gain (BWG) and lower FCR (P < 0.05) when compared with birds fed diets without carbohydrases. Relative to the basal diet, AME n was increased (P < 0.01) by 70 kcal/kg and 99 kcal/kg when birds were fed the diet supplemented with amylase and amylase + xylanase, respectively. Starch digestibility in the jejunum and ileum was increased (P < 0.05) by 3.5% and 2.4%, respectively, when birds were fed the diet supplemented with amylase + xylanase. Results from this experiment show that corn-soy diets having phytase and supplemented with amylase and xylanase led to increased growth performance, AME n , and starch digestibility in broilers. Furthermore, the efficacy of exogenous amylase and xylanase was independent of the presence of microbial phytase.
INTRODUCTION
Nutrient and energy digestibility of plant feedstuffs by poultry is limited by the proportion of their components for which there are no corresponding endogenous digestive secretions. This is the case of the nonstarch polysaccharides that are present in and within the cell walls of soybean meal (SBM) and corn (Bach Knudsen, 1997; Choct, 1997; Huisman et al., 1998; Caffall and Mohnen, 2009) . They are either indigestible (Graham and Aman, 1991) or of very low digestibility when fed to poultry (Slominski and Campbell, 1990; Kocher et al., 2003) . Therefore, the energy derived from them is restricted by a lower organic combustion of starch" has been used increasingly in the literature to describe starch that escapes digestion in the small intestine (Englyst et al., 1982) . This is variable in corn and other plant seeds and can significantly influence the AME n content of these feedstuffs (Tester et al., 2004) .
Phytate (myo-inositol hexaphosphate) is the main form of stored phosphorus (P) in plant seeds (Prattley and Stanley, 1982) . Besides the limitation in the use of P by poultry, phytate also has been reported to reduce energy utilization (Rutherfurd et al., 2004; Ravindran et al., 2006) . Phytate and lower inositol phosphates can be hydrolyzed by the enzyme phytase (myo-inositol hexaphosphate phosphohydrolase), which has become a standard enzymatic additive in poultry diets (Nelson et al., 1968; Jozefiak et al., 2010; Cowieson et al., 2011) .
Studies with supplemental enzymes targeting the degradation of substrates that release energy for poultry have been increasing. Exogenous carbohydrases such as xylanases, amylases, and glucanases have been reported to improve energy utilization and the performance of broilers Williams et al., 2014) . These enzymes may improve the access of endogenous enzymes to cell contents due to hydrolysis of cell wall arabinoxylans (Kocher et al., 2003; Francesch and Geraert, 2009 ), as well as augment endogenous amylase in young animals (Ritz et al., 1995; Gracia et al., 2003) . Decreases in endogenous amino acid (AA) losses also may contribute to the beneficial effects of supplemental enzymes, possibly associated with a reduction in the antinutritional effect of some polysaccharides and/or through feedback mechanisms that reduce the need for endogenous enzyme synthesis and secretion (Jiang et al., 2008; Cowieson and Bedford, 2009 ). Finally, some exogenous carbohydrases (notably, the xylanase family) may create pre-biotic xylo-oligomers that benefit digestion indirectly via increased fermentation in the hindgut and stimulation of the ileal brake mechanism (Cowieson, 2005) .
As increasing numbers of enzyme products become available, the assembly of strategically optimized admixtures becomes a challenge in terms of targeting the complex mixture of components that have low digestibility. While different enzyme classes hydrolyze different substrates and generate different products, a net effect on the increase in the digestibility of starch, protein/AA, and fat with a cumulative energetic consequence seems to be an expected outcome of their action. While enzymes that target different substrates do not compete in terms of substrate degradation itself, they tend to overlap in nutrient digestion and performance, delivering sub-additive outcomes (Cowieson and Adeola, 2005; Cowieson et al., 2006; Romero et al., 2013) . Increases in energy utilization from plant feedstuffs by broilers may derive from a large variety of components; however, since starch is quantitatively the largest energy supplier in broiler diets, any improvement in its degradation would lead to a significant benefit.
The objective of the present study was to evaluate the effects of an α-amylase alone or in combination with a β-xylanase on growth performance, energy utilization, and starch digestibility of broiler chickens fed corn-SBM-based diets. These effects were assessed both in a phytase-free diet and in a diet that included phytase appropriately formulated with the associated displacement of inorganic phosphate in order to explore the possibility that carbohydrase efficacy may be muted by the presence of phytase.
MATERIALS AND METHODS
All procedures used in this study were approved by the Ethics and Research Committee of the Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil.
Bird Husbandry
A total of 336 one-day-old, slow-feathering Cobb × Cobb 500 male broiler chicks, vaccinated for Marek's disease at the hatchery, with an average BW of 47 g were randomly placed in 48 wire cages (0.9 × 0.4 m 2 ). Each cage was equipped with one feeder and one drinker. Birds had ad libitum access to water and mash feeds. Average temperature was 32
• C at placement being reduced by 1
• C every 2 d until 23
• C to provide comfort throughout the study. Lighting was continuous until d 25 post-hatch.
Diets and Experimental Design
Birds were allocated to 6 experimental diets with 8 replications of 7 birds each in a completely randomized design. A standard corn-SBM-based broiler starter was fed from 1 to 14 d (3,050 kcal/kg AME n , 21.7% CP, 1.05% Ca, and 0.53% non-phytate P), whereas the experimental diets are presented in Table 1 . A 2 × 3 factorial arrangement of 2 control diets (basal = corn-soy basal diet without added phytase or PHY = corn-soy diet formulated with phytase) and 3 carbohydrase supplements (0, α-amylase, or α-amylase + β-xylanase) was provided from 14 to 25 d. The supplemental enzymes used in the present study are commercially available (Novozymes A/S, Bagsvaerd, Denmark). Their inclusion per kg of diet was: phytase [Ronozyme HiPhos (GT)] 1,000 phytase units (FYT), alpha amylase [Ronozyme HiStarch (CT)] 80 kilo-Novo alpha amylase units (KNU), and beta xylanase [Ronozyme WX (CT)] 100 fungal xylanase units (FXU). All experimental diets had 1% Celite as an indigestible marker (Celite, Celite Corp., Lompoc, CA).
The phytase product used was a 6-phytase produced by the expression of synthetic genes incorporated into Aspergillus oryzae and contained 10,000 FYT/g. One FTU is defined as the quantity of enzyme required to liberate 1 μmol inorganic P per min, at pH 5.5, from an excess of 15 μM sodium phytate at , 2,000 UI; vitamin E, 30 UI; vitamin K 3 , 2 mg; thiamine, 2 mg; riboflavin, 6 mg; pyridoxine, 2.5 mg; cyanocobalamin, 0.012 mg, pantothenic acid, 15 mg; niacin, 35 mg; folic acid, 1 mg; biotin, 0.08 mg; iron, 40 mg; zinc, 80 mg; manganese, 80 mg; copper, 10 mg; iodine, 0.7 mg; selenium, 0.3 mg.
2 Insoluble marker (Celite, Celite Corp., Lompoc, CA). 3 Ronozyme HiPhos (GT) with 10,000 FYT/g (Novozymes A/S, Bagsvaerd, Denmark). 4 Ratios of digestible amino acids to digestible Lys were maintained at TSAA: 0.75; Thr: 0.65; Val: 0.70; Trp: 0.17; Arg: 1.08; Ile: 0.67 (Rostagno et al., 2011) .
37
• C. The α-amylase was a granulated enzyme preparation produced by submerged fermentation of Bacillus amyloliquefaciens and contained 600 KNU/g. One KNU is the amount of enzyme that releases in a 2-step reaction, 6 μmol p-nitrophenol per min from 1.86 mM ethyledene-G7-p-nitrophenyl-maltoheptaoside at pH 7.0 and 37 o C. The β-xylanase was a granulated heat-stable endo-xylanase from Thermomyces lanuginosus produced by submerged fermentation of a genetically modified Aspergillus oryzae microorganism containing 1,000 FXU/g. One FXU is the amount of endo-1, 4-β-xylanase, which liberates 7.8 micromoles of reducing sugars (xylose equivalents) per min from azo-wheat arabinoxylans at pH 6.0 and 50 o C.
Experimental Procedures
Chicks were individually weighed into groups of 7 birds per cage before placement. Bird weights, averaged by cage, were recorded at 14 and 25 d. BWG, feed intake (FI), and FCR corrected for the weight of dead birds were determined between those dates.
Excreta were collected twice daily on wax paper from 21 to 24 d being immediately mixed and pooled by cage and stored at −20
• C until analysis. Previous to calorimetry, excreta were dried in a forced-air oven at 55
• C (DeLeo, Porto Alegre, Brazil) and ground to pass through a 0.5-mm screen. Intestinal contents were collected from all birds at 25 d after euthanasia by electrical stunning using 45 V for 3 s. Jejunal digesta was collected from a segment between 2 cm proximal to the duodeno-jejunal junction and the Meckel's diverticulum. Ileal digesta was collected from the Meckel's diverticulum to approximately 2 cm cranial to the ileocecal junction. Jejunal and ileal contents from all birds were flushed with distilled water into plastic containers, pooled by cage, immediately frozen in liquid nitrogen, and stored in a freezer at −20
• C until lyophilized (Christ Alpha 2-4 LD Freeze Dryer, Newtown, UK).
Chemical Analysis and Calculations
Diet and freeze-dried samples of jejunal and ileal contents were ground to pass through a 0.5-mm screen in a grinder. Excreta samples were dried in a forcedair oven at 55 o C and ground to pass through a 0.5-mm screen in a grinder (Tecnal, TE-631/2, São Paulo, Brazil). Dry matter (DM) analysis of samples was performed after oven drying the samples at 105
• C for 16 h (method 934.01; AOAC International, 2006). Ileal digesta, excreta, and diet samples were analyzed for gross energy using a calorimeter calibrated with benzoic acid as a standard (IKA Werke, Parr Instruments, Staufen, Germany). Calculations of ileal digestible energy (IDE) and AME n were done afterwards. Crude protein (N × 6.25) was determined by combustion method (method 968.06; AOAC International, 2006) . The calculated AME was corrected to zero N retention (AME n ) using a factor of 8.22 kcal/g (Hill and Anderson, 1958) . Acid insoluble ash concentration in the diets, excreta, jejunum, and ileum samples was determined using the method described by Vogtmann et al. (1975) and Choct and Annison (1992) . Starch analyses were done using the method 996.11 of AOAC International (2000).
Apparent ileal digestibility, total tract utilization, and AME n were calculated using the following equations (Kong and Adeola, 2014) : 
Statistical Analysis
Normality and homoscedasticity of the data were verified by the Shapiro-Wilk test (Shapiro, 1965) . The experimental design was a completely randomized factorial arrangement of 2 control diets (without or with phytase) × 3 carbohydrase supplementations. Data were submitted to a 2-way ANOVA using the GLM procedure of SAS Institute (SAS, 2009). Significance was accepted at P < 0.05, and mean differences were separated using Tukey's HSD test (Tukey, 1991) .
RESULTS AND DISCUSSION
Analyses of α-amylase, β-xylanase, and phytase in the experimental diets showed that the supplemental enzymes had in-feed activities in agreement with the expected values ( Table 2 ). The effects of dietary treatments on broiler performance are presented in Table 3 showing no interactions between diet and carbohydrase. Feed intake and mortality were not affected by dietary treatments. In general, birds fed diets supplemented with amylase + xylanase had lower FCR and increased BWG than those fed diets without carbohydrase (P < 0.05). Broilers fed PHY diets also had higher BWG (P < 0.05) and lower FCR compared to birds fed the basal diet without enzymes.
A combination of precise phosphorus nutrition and addition of proper levels of microbial phytase is expected to optimize broiler performance while reducing the reliance on inorganic phosphorus sources through improving utilization of phytate-bound P from the diet (Nelson, 1967; Karimi et al., 2013) . Studies have reported improvements in performance when phytase was used in chickens (Ży la et al., 2000; Onyango et al., 2005) ; however, the effect of enzymes targeting alternative substrates on performance of broilers is conflicting . In many studies, xylanase and amylase, when added to diets separately, have resulted in improved broiler performance when fed corn-SBM diets (Gracia et al., 2003; Jiang et al., 2008; Williams et al., 2014) . Other authors found no effect on growth performance after supplementing various carbohydrases (Kocher et al., 2003; Singh et al., 2012 amylase-xylanase admixtures with or without phytase in broilers is scarce. The effects of phytase and carbohydrases supplementation on total tract retention and ileal digestibility of broiler chickens are shown in Table 4 . There were no interactions between diet and carbohydrase for ileal digestibility and total tract retention in 25-dayold broilers. Differences in AME n and ileal digestibility of DM were found between PHY and basal diets (P < 0.01) with values, respectively, of 3,483 kcal/kg and 65.2% for PHY and 3,412 kcal/kg and 63.4% for basal.
Phytase has been shown to improve digestibility and retention of P in chickens (Ży la et al., 2000; Dilger et al., 2004; Juanpere et al., 2005; Onyango et al., 2005) . The use of phytase also may be relevant for the so-called extra-phosphoric effects such as beneficial effects on amino acid retention, net energy, and myo-inositol release. It is known that part of the beneficial effect of microbial phytase in poultry may be derived from generation of myo-inositol through a phytase-initiated enzymatic cascade that results in the complete dephosphorylation of dietary phytate (Jozefiak et al., 2010; Cowieson et al., 2011) .
Phytate limits the efficacy of digestive enzymes after forming indigestible complexes, especially with Ca and Zn (Singh and Krikorian, 1982; Matyka et al., 1990) . Because phytase is able to hydrolyze phytate, phytase is expected to improve the digestibility of nutrients in general. Additionally, mechanisms by which phytase may improve ME have been related with the reduced endogenous energy and AA flow (Cowieson and Ravindran, 2007) , reduced integrity of fibrous complexes, and improved capacity for active transport of nutrients from the gut associated with Na (Cowieson et al., 2004; Liu et al., 2008) .
In the present study, AME n was improved (P < 0.01) by 70 and 99 kcal/kg when amylase and amylase + xylanase were supplemented, respectively. Amylase and xylanase supplementation provided an increase in AME n of 2.8% when compared to the diet without carbohydrases (P < 0.01). This response is in agreement with findings by Rutherfurd et al. (2007) who observed an increase of 2.3% in AME n after supplementing corn-SBM diets with carbohydrases (80 kilo-Novo α-amylase units/kg, 140 β-glucanase units/kg, and 100 β-xylanase units/kg) in 28-day-old broilers. Improvements in the AME n for broilers fed corn-SBM-based diets containing amylase are likely to be attributed to an increase in starch digestibility. A shift in the site of starch digestibility from caudal to proximal gastrointestinal segments also could have occurred (Svihus, 2014) . Svihus (2006) observed that AME and total tract starch digestibility for individual birds were correlated (r = 0.984).
Increased starch digestibility when xylanase and amylase are supplemented may occur as a result of α-amylase activity in parallel with degradation of soluble and non-starch polysaccharides to free sugars, such as arabinose and xylose (Choct et al., 2004) . Xylanase may increase access of cell contents to endogenous enzymes due to hydrolysis of cell wall arabinoxylans and also reduce the antinutritional effect of some polysaccharides (Kocher et al., 2003; Francesch and Geraert, 2009) . Furthermore, other researchers found increased digestibility of starch in the small intestine by the addition of exogenous enzyme products into corn-SBM diets, leading to enhanced energy availability to birds (Zanella et al., 1999; Yu and Chung, 2004; .
The digestibility of starch in the jejunum and ileum for broilers fed the different enzyme combinations is presented in Table 5 . No interactions between diet and carbohydrase were observed on starch digestibility in 25-day-old broilers. The digestibility of starch in the jejunum and ileum was higher (P < 0.01) for broilers fed PHY or diets supplemented with amylase + xylanase. The starch digestibility in the jejunum and ileum was increased (P < 0.05) by 3.5% and 2.4%, respectively, in broilers fed the amylase + xylanase diet compared to broilers fed the diet without carbohydrases.
Starch digestibility was higher in the ileum than in the jejunum. The disappearance of starch evaluated through the difference between the percentage of starch in the distal ileum and distal jejunum was 6.4% higher in broilers (P < 0.05) fed the amylase + xylanase diet compared to broilers fed the diet without carbohydrases. Zanella et al. (1999) reported that the digestion of starch in the small intestine is incomplete and continues in the lower gut as a result of microbial fermentation. Kaczmarek et al. (2014) demonstrated that starch digestibility in birds fed a corn-SBM diet was similar in the ileum and excreta collection, although no effect of amylase was observed. Furthermore, Weurding et al. (2001) showed that rapid starch digestion may lead to the same extent of starch digestion as gradual starch digestion, but the amount of starch digested at specific sites of the small intestine (jejunum and ileum) differs, and differences in these digestion sites may have metabolic consequences that affect feed utilization. Englyst et al. (1982) introduced the term "resistant starch," which was defined as total starch minus digested starch. An appreciable amount of intact starch granules has been observed by microscopic analyses in the ileal digesta collected from birds 4 to 21 d of age for starch digestibility below 86% (Noy and Sklan, 1995; Bedford and Autio, 1996) . These results suggest that secretion of pancreatic amylase from the immature pancreas during the post-hatching period might retard intestinal starch digestion, and, consequently, limit early growth. Chickens are considered well able to digest high starch diets; however, physiological differences according to age and carbohydrase supplementation have influenced performance of broilers when the starter phase is compared to the finisher period. Thus, as corn is included at higher levels in the finisher diets for broilers, the ratio of non-starch polysaccharides and starch increases when compared to the starter feed (Svihus, 2014) .
It is possible that the very high feed intake of the modern, fast-growing broiler chickens may cause limitations for starch digestion, which could allow for exogenous amylase to be effective. Additionally, xylanase may increase access to entrapped nutrient components by destroying some fractions of the plant cell walls of grains, allowing α-amylase access to starch fractions (Kocher et al., 2003; D'Alfonso, 2005; Leslie et al., 2007) . Furthermore, the data show improved benefit to the growing broiler chickens with the addition of exogenous amylase and xylanase or phytase as measured by energy utilization and starch digestibility.
In conclusion, corn-SBM-based diets formulated with 1,000 phytase units/kg or supplemented with 80 kiloNovo α-amylase units/kg and 100 fungal β-xylanase units/kg had a beneficial impact on BWG and FCR of broilers. AME n was also improved when birds were fed the amylase + xylanase diet compared to the diet without carbohydrases. Finally, the digestibility of starch in the jejunum was lower than in the ileum, and corn-SBM-based diets formulated with phytase or supplemented with amylase + xylanase improved starch utilization.
